WHAT IS CLAIMED IS: 

1 . A method for shifting the bandgap energy of a quantum well layer comprising: 
introducing ions into a quantum well structure at an elevated temperature and 

a dose of greater tn^n lxl 0 12 cm' 2 , the quantum well structure comprising: 

an upper barrier layer; 
aslower barrier layer; and 

a quantum well layer disposed between the upper barrier layer and the 
lower barrier layer; and 

thermally annexing the quantum well structure; 
whereby quantum well in(erdiffusion is induced and the bandgap energy of the 
quantum well layer is shifted. 

2. The method of claim l,\vherein the elevated temperature in the range of from 
about 200 °C to near the crystal damage remperature. 

3. The crystal dama^^mp^rature of claim 2 is about 750°C for InP/InGaAsP 
materials and is about 950°C for QalWAlGaAs materials. 

4. The method of claim 1, wherein the introducing step creates crystal site 
acancies in the quantum weU structure at concentration below 6xl0 19 cm' 3 . 



turn we^stru< 
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The method of claim 1 further comprising, during the introducing step, 
introducing ions into a quantum well structure that includes: 

a III-V material upper barrier layer; 
a III-V material lower barrier layer; and 
a III-V material quantum well layer. 

Jb. The method of claim^further comprising, during the introducing step, 
introducing ions into a quantum well structure that includes: 

an InGaAsP upper barrier layer; 
an InGaAsP lower barrier layer; and 
an InGaAs quantum well layer. 
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1 si. The method of clairp^s further comprising, during the introducing step, 

2 introducing ions into a quantum well structure that includes: 

3 an InGaAsP upper barrier layer; 

4 an InGaAsP lower barrier layer; and 

5 , an InGaAsP quantum well layer. 

1 y& The method of claim 5 further comprising, during the introducing step, 

2 introducing ions into a quantum well structure that includes: 

3 an InP upper barrier layer; 

4 an InP lower barrier layer; and 

5 an InGaAsP quantum well layer. 

- -v 3 / 

"if yf9. The method of claimo further comprising, during the introducing step, 

*J2 introducing ions into a quantum well structure that includes: 

f £ an InP upper barrier layer; 

3 an InP lower barrier layer; and 

iS - an InGaAs quantum well layer. 

r 4 Jf£ The method of claii^5^fuither comprising, during the introducing step, 

1% introducing impurity ions into a quantum well structure that comprises: 

0 an AlGaAs upper barrier layer; 

2| an AlGaAs lower barrier layer; and 

5 a GaAs material quantum well layer. 

6 3 

1 The method of claim^S^rther comprising, during the introducing step, 

2 introducing ions into a quantum well structure that includes: 

3 an AlGaAsP upper barrier layer; 

4 an AlGaAsP lower barrier layer; and 

5 an AlGaAsP quantum well layer. 

6 s 

1 12. The roefRod of clainvl further comprising, during the introducing step, 

2 introducing a deep-lerel wn spedes. 
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13. The method of fldaim 12 further comprising, during the introducing step, 
introducing a deep-level ion species selected from the deep-level ion species group 
consisting of oxygen, gallium, fluorine, nitrogen, boron and argon. 

The method of claim 1 further comprising, during the introducing step, 
introducing ar^K; ions. 



15. The method otblaim 1 further comprising, during the introducing step, 
introducing xenon wnsJ 



16. The method of claim 1 further cotngrising, during the introducing step, 
introducing phosphorus ions. 

® \pf jhe method of claim 1 further comprising, during the introducing step, 
introducing ions into a laser waveguide quantum well structure. 



18. Tfi^ method of claim 1 further comprising, during the introducing step, 
introducing ions intoya quantum well structure that further includes: 

an uppeiNdadding layer disposed above the upper barrier layer; 
and introducing impurity ions into the upper cladding layer. 

19. The method onclaim 1 further comprising, during the introducing step, 
introducing ions into a quantunrwell structure that further includes: 

an upper cladding laW disposed above the upper barrier layer; and 
introducing impurity ions into\he upper cladding layer such that the impurity ions are 
at least 0.5 micron from the upper barrier rayer. 

f3 *^f£ The method of claim 1, wherein the thermally annealing step is conducted at a 
temperature above 450 °C for a time period in the range of about 2 seconds to about 3 
minutes. 

21 . The method of claim 20, ^Jierein the thermally annealing step is conducted at 
a temperature above 600 °C, and 

further comprising, during introducing step, introducing ions into a InP- 
containing quantum well structure. 
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22. The metlW of claim 21, wherein the thermally annealing step is conducted at 
temperature above 700 °Ol and 

further comprising, during the introducing step, introducing ions into a 
GaAs-containing quantum well structure. 

/ • jn£ The method of claim 1 , wherein the introducing step employs an ion 
implantation technique. 

24. The method of claim 23, wherein the introducing step employs an 
implantation energy in the range of 1 eV to 3 MeV. 

♦ The method of claim^23Twherein the introducing step employs an 

implantation energy of no more than 400 KeV. 

^26T* The method of claim 1, wherein the thermally annealing step induces a 
bandgap energy shift of at least 60 meV. 



27. Ttie method of claim 1 further comprising, after the introducing step and 
before the thermal^mnealing step, depositing a capping layer on the upper surface of the 
quantum well struct 



28. The methodW claim 1 further comprising, during the introducing step, 
introducing ions into a quantkm well structure that further includes a layer doped with a high 
mobility impurity, the layer doped with a high mobility impurity being back-spaced by at 
least 0.1 ^im from at least one of fl^e quantum well layer, the upper barrier layer and the lower 
barrier layer. 

29. The method of claim 1, wherein\he introducing step employs an implantation 
technique to introduce ions into a substrate that includes the quantum well structure such that 
the ions are located at least 0.5 microns away from tntfqfciantum well structure. 

30. The method of claim 1, wherein the inTO&icIhg step employs an implantation 
technique to introduce ions into a substrate that includes the quantum well structure such that 
the ions are located less than 0.5 microns away from the quantunSjvell structure. 
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♦ ♦ 

y31. The method of claim 1, wherein the introducing step employs a focused ion 

beam #- 

The method of claim 1, wherein the introducing step employs a dense ion 

plasma. 

33. \k method for shifting the bandgap energy of a predetermined portion of 
quantum well law comprising: 

forming a patterned mask layer on a quantum well structure, the quantum well 
structure including: 

rst barrier layer; 
a second barrier layer; and 

a quanrym well layer disposed between the first barrier layer and the 

barrier layer; 

implanting ions inft) a predetermined portion of the quantum well structure, at 
a temperature in the range of from afe^out 200 °C to about 700 °C, using the patterned mask 
layer as an implant mask; and 

thermally annealing the quantum well structure, 
whereby quantum well interdiffiisiqn is induced and the bandgap energy of the 
predetermined portion of the quantum well l^yer is shifted. 

34. Tft^vnethoi/of claim 33, wherein the forming step forms a patterned stress- 
inducing mask la^R^ ^ 

^^35. The method of claim^f wherein the forming step forms an SiC>2 patterned 
stress-inducing mask layer. ^ 

The method of claim^C wherein the forming step forms a patterned stress- 
inducing mask layer on a substrate that includes the quantum well structure and wherein the 
patterned stress-inducing mask layer is formed of a material with a thermal coefficient of 
expansion that is at least 10 times different than the thermal coefficient of expansion of the 
mbstng, %k 

^T. The method of claim ^jfwherein quantum well intermixing is induced with a 
spatial resolution of less than 3 microns. 

The method of clahn 36 further comprising, during the forming step, forming 
a patterned mask layer that includes a^plurality of patterned mask layer portions, each of the 
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plurality of patterned mask layer portions having a thickness that is different than the 
thickness of the other patterned mask la^er portions, and 

during the implanting step, implanting ions into predetermined portions of the 
quantum well structure using the/patterned mask layer to control the penetration of ions into 
the predetermined portions ofime quantum well structure. 

A. method for shifting the bandgap energy of a predetermined portion of 
quantum well la^er comprising: 

forming a patterned stress-inducing mask layer on a quantum well structure; 

implanting ions into a predetermined portion of the quantum well structure at 
an elevated temperature, using the patterned stress-inducing mask layer as an implant mask; 
and 

thermally annealing the quantum well structure, 
whereby quantum well interdiffusion is induced and the bandgap energy of the 
predetermined portion of fyie quantum well structure is shifted with a spatial resolution of less 
than 3 microns. 

(J^f^ A method fonshifting the bandgap energy of a quantum well layer comprising: 
introducing ions into a quantum well structure at a temperature in the range of 
from about 200 °C to about 700 °C, the quantum well structure including: 

an upper barrier layer; 
a lower barriep'layer; and^ 

a quantum \y^l\a^gr'aisposed between the upper barrier layer and the 
lower barrier layer; and 

thermally annealing theWantum well structure, 
whereby quantum well interdiffusion is induced and the bandgap energy of the 
quantum well layer is shifted 

$0. The method of claim 42, wherein\the introducing step employs a dose in the 
range of lxl 0 U cm' 2 to lxl 0 15 cm" 2 and an implantation technique with an implantation 
energy in the range of 1 eV to 3 MeV. 

0^ . A method for shifting the bandgap energy of a quantum well layer comprising: 
introducing ions into a quantum well struchire at an elevated temperature; 
thermally annealing the quantum well structure, 
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whereby quantum well interdiffusion is induced and the bandgap energy of the 
quantum well structure is shifted 

4^42f \ The method of claim 44, wherein the introducing step uses an ion implantation 
technique. 



Aphotonic device assembly comprising: 



a plurality of operably coupled photonic devices monolithically integrated on a 
single substrate; 

wherein the pli^ality of operably coupled photonic devices are formed using a method 
that includes: 

forming a interned mask layer on a quantum well structure, the quantum well 
structure including: 

a first^barrier layer; 
a seconn barrier layer; and 

a quantun^ well layer disposed between the first barrier layer and the 

second barrier layer; 

implanting ions intoV predetermined portion of the quantum well structure, at 
a an elevated temperature, using the patterned mask layer as an implant mask; and 

thermally annealing th£qi^tijj*m well structure, 
whereby quantum well interdiffusion is induced and the bandgap energy of the 
predetermined portion of the quantum well^layer is shifted. 

4 

>44. The method of claim 43, wherein the elevated temperature in the range of 
from about 200 °C to near the crystal damage temperature. 
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,J&. The crystal damage temperature of craim 43 is about 750°C for InP/InGaAsP 
materials and is about 950°C for GaAs/AlGaAs materials. 



■ The photonic device assembly of claim 43, ^herein the plurality of operably 
up led photonic devices includes a low-loss waveguide, a lx^ multi-mode interference 
coupler, an optical amplifier, and an optical modulator. 
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